Occupational exposure to tetrahydrofuran (THF) was studied by analysis of environmental air, blood, alveolar air, and urine from 58 workers in a video tape manufacturing plant. Head space gas chromatography (GC) with an FID detector was used for determination of THF concentration in alveolar air, urine, and blood. Environmental exposure to THF was measured by personal sampling with a carbon felt passive dosimeter. When the end of shift urinary THF concentrations were compared with environmental time weighted average (TWA) values, urinary THF concentration corrected for specific gravity correlated well with THF concentration in air (r = 0'88), and uncorrected urinary THF concentration gave a similar result (r = 0 86). Correction for creatinine in urine weakened the correlation (r = 0 56). For exposure at the TWA concentration of200 ppm the extrapolated concentration of THF was 33 pmollI in blood and 111-9 pmol/l (61 mollg creatinine) or 109 pmol/l at a specific gravity of 1-018 in urine. The correlation between exposure to THF and its concentration in exhaled breath and blood was low (r = 0-61 and 0-68 respectively). Laboratory methodological considerations together with the good correlation between urinary THF concentration and the environmental concentration suggest that THF concentration in urine is a useful biological indicator of occupational exposure to THF.
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for example, polyvinyl chloride, polyurethanes, and epoxy compounds. Its The subject was asked to breathe as normally as possible, and then to expire through a sampling tube open at both ends. Just before the expiration finished, the tube was closed at both ends and 300 ml exhaled air was retained. The collection tubes were equipped with perforated screw caps, each containing a rubber disc and a teflon membrane through which a small volume of air (100 pl) could be taken by syringe for analysis by gas chromatography. The tube was conditioned before use by heating to 80°C and flushing repeatedly with clean air. Blank tubes were handled in the same way as the sample tubes. The detection limit using this method was 40 ppb.
This technique of sampling had previously been found to give satisfactory results in our laboratory. Sample loss by tube desorption or by the dissolution of THF in breath condensate was insignificant. Analysis was conducted within two hours of returning to the laboratory.
DETERMINATION OF THF CONCENTRATION IN BLOOD
Blood samples were collected from workers at the end of their workshift. To minimise the possibility of contamination, blood was collected in the administrative building of the factory at the end of the workshift. Heparin was the anticoagulant. One ml of venous blood was collected for each worker and kept in a 2 ml vial with a screw cap and a teflon membrane. The glass vials were kept at 5°C during the journey from the factory to the laboratory and then incubated at 60°C for 30 minutes before analysis. For the analysis, 200 p1 of the air from the headspace was injected with a heated gas tight syringe into the gas chromatograph.
The concentration of THF was measured in blood samples using a gas chromatograph equipped with a 530 pm silicone gum capillary column.
Standard samples were obtained by adding known amounts of THF to glass vials that contained 1 ml of blood sample from unexposed persons. The standard samples were kept in the oven at 60°C for 30 minutes before testing.
The accuracy of the method was assessed by spiking blood samples and also by the internal standard method (in the present study methyl ethylketone (MEK) was used). The calibration graph was linear for absolute amounts of THF in the range 2-40 umol/l. The within run precision of the method was obtained by processing four aliquots of spiked blood samples with THF at concentrations ranging from 5 to 100 pmol/l. The day to day variation was calculated from spiked samples assayed on four consecutive days. The detection limit was expressed as peak height relative to the base line level. Using the above conditions, blood THF at a concentration of 0-25 pmol/l could be detected.
THF was found in the blood of the eight unexposed hospital staff. Although no significant loss of THF from the blood was noted for samples stored for more than one week, all determinations of THF concentration in blood were carried out within two days after collection.
DETERMINATION OF THF CONCENTRATION IN URINE
Urine samples were collected in polycarbonate bottles at the end of the workshift and stored at -200C. The samples were collected in the adjacent administrative building within 30 minutes of leaving the factory floor. Analysis was performed the next day. This was carried out by transferring 1 ml urine samples into 5 ml gas chromatography vials with screw caps. The vials were incubated at 750C for 30 minutes and 200 p1 of the headspace air was used for the gas chromatographic determination of THF concentration.
The detection limit of the urinary THF method was 20 pmol/l and THF was not detected in control urine samples from the eight non-exposed subjects.
The results were presented as observed (pmol/l) or after correction for creatinine concentration (pmol/g creatinine) or for specific gravity at 1-018.10 The specific gravity was measured by refractometry and Figure 2 shows the correlation between blood THF and environmental THF concentrations. The linear correlation coefficient was r = 068 (p < 0-001). The slope of the regression line (the ratio between blood THF and environmental THF concentrations) was 0 15. Figure 3 shows the relation between environmental THF and breath THF concentrations. The correlation coefficient was poorer than that between blood and environmental THF concentrations (r = 0-61). The slope of the regression line (the ratio between exhaled air and environmental THF concentration) was 0 03. Figures 4A, 4B, and 4C show the correlations between urinary THF and environmental THF concentrations. The correlation coefficients were 0-86, 0-88, and 0-50, for uncorrected urine samples, corrected for specific gravity at 1 -018, and corrected for creatinine respectively. Correction for specific gravity only improved the correlation coefficient slightly. Table 3 summarises the relation between THF concentrations in exhaled air and blood and urinary THF concentrations measured at the end of the workshift. The THF concentration in breath correlated poorly with blood and urine, whereas blood THF concentration had a good association with urinary THF concentration (uncorrected and corrected for specific gravity) with r = 0-78. Again correction for creatinine concentrations weakened correlations. One major disadvantage of breath analysis is that samples have to be analysed soon after collection as storage leads to significant loss,9 12 and this technique has been found to be unsatisfactory in various studies.'4 'S Data from our present study show that the concentration of THF in breath is proportional to the THF concentration in breathing zone air between 10 to 100 ppm. The scatter plot, however, shows large individual variation (fig 3) , although to avoid differences in post-exposure loss exhaled air was collected within 10 minutes of the end of the workshift. Until more reliable monitoring devices are available, breath analysis does not appear to be a useful biological monitoring method for establishing the degree of exposure to THF. 
CONCENTRATION OF THF IN BLOOD
The results show a linear relation between blooc THF concentration and environmental exposure tc THF (r = 0-68 analysed on the same day. Furthermore, urine samples deteriorate slower than blood specimens.'8 Also, THF is normally not present in the urine of unexposed persons, and thus it is suitable for monitoring of exposure. One further advantage of directly measuring the parental compound is that measurement of metabolites in urine is less specific due to influence of diet, exposure to other organic solvents, and other factors.'9 Moreover, urine analysis is non-invasive and thus is suitable for routine screening. Good correlation between urine concentrations and environmental exposure makes measuring the concentration of THF in urine the most appropriate method.
In an earlier study, Imbriani et al20 showed a good correlation between 1,1,1-trichloroethane concentration in urine and environmental exposure. Similar observations have been recorded for other organic solvents-namely, methanol,2' methyl ethyl ketone,22 styrene,23 and acetone.24 These studies, together with the present investigation of THF, suggest that measurement of solvents in urine is a suitable biological monitoring method.
At an exposure of 200 ppm, the corresponding calculated concentration for urinary THF was 111 9 pmol/l, 109 ymol/l adjusted for specific gravity at 1-018, and 60 5 umol/g creatinine for urine corrected for creatinine concentration.
No attempt was made to estimate the urinary biological half life of THF as it was not possible to follow up urinary excretion in detail after the end of the workshift. A simple follow up study on eight of the workers, however, showed that THF was not detected in the urine collected the next morning (15 hours post-exposure). This suggests that either the excretion of THF is rapid or it is converted to other compound(s).
In summary, our results suggest that measurement of THF concentration in urine is sensitive and specific for monitoring of exposure, whereas exhaled breath and blood analyses appear to be less suitable. The data also show that unmetabolised THF in urine correlates better with environmental exposure than THF in blood or exhaled breath. Laboratory methodological considerations are also in favour of determining urinary THF as it is non-invasive and, unlike the analysis of exhaled air, the sample does not require to be analysed on the day of collection.
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